Soils from the hyper-arid Atacama Desert of northern Chile were sampled along an eastwest elevational transect (23.75-24.70°S) through the driest sector to compare the relative structure of bacterial communities. Analysis of denaturing gradient gel electrophoresis (DGGE) profiles from each of the samples revealed that microbial communities from the extreme hyper-arid core of the desert clustered separately from all of the remaining communities. Bands sequenced from DGGE profiles of two samples taken at a 22-month interval from this core region revealed the presence of similar populations dominated by bacteria from the Gemmatimonadetes and Planctomycetes phyla. The Atacama Desert of northern Chile stretches for more than 1000 km along the narrow coastal plateau between the Rio Copiapó (27.32°S) and the town of Arica (18.48ºS) near the Peruvian border. The interior of the desert, between the coastal escarpment and the foot of the Andes, has been described as "the most barren region imaginable," devoid of plant life, receiving only a few millimeters of precipitation every few years (35), and potentially approaching the dry limit of microbial life (32). This study represents a further characterization of our recently reported observation that the hyper-arid core of the Atacama harbors both viable bacteria and recoverable DNA (letter to the editor) (26).
The Atacama Desert of northern Chile stretches for more than 1000 km along the narrow coastal plateau between the Rio Copiapó (27.32°S) and the town of Arica (18.48ºS) near the Peruvian border. The interior of the desert, between the coastal escarpment and the foot of the Andes, has been described as "the most barren region imaginable," devoid of plant life, receiving only a few millimeters of precipitation every few years (35), and potentially approaching the dry limit of microbial life (32). This study represents a further characterization of our recently reported observation that the hyper-arid core of the Atacama harbors both viable bacteria and recoverable DNA (letter to the editor) (26).
The objective of this work was to perform a general comparison of bacterial community structure along an elevational transect representing the unique, extreme conditions of the driest expanse of the central Atacama Desert. In addition, a single sample location was selected in the hyper-arid core, for a more complete characterization of bacterial populations.
Transect description. The Punta Negra transect we sampled crosses the full extent of the Atacama from the barren coastal range above Antofagasta (23.65ºS, 70.24ºW) at an elevation of 400 m to the slopes of the Volcán de Llullaillaco (24.72ºS, 68.55ºW) in the Andes at 4500 m above sea level (Fig. 1) . The hyperaridity along this transect restricts perennial vegetation to between 3500 and 4800 m, where unreliable precipitation events in both summer and winter support a vegetation belt of continuous, but sparse and species-poor desert scrub and grassland with low beta-diversity and few endemics (2, 27, 37) . Below this vegetation belt is an impressive, Mars-like expanse of Absolute Desert that has been largely devoid of rain and vascular plants for at least the last million years
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on September 12, 2017 by guest http://aem.asm.org/ Downloaded from (22). Mean annual precipitation (MAP) and temperature (MAT) data were obtained from meteorological stations and published data collected in close proximity to the Punta Negra transect (Fig. 1) .
Soil sampling and analysis. Soil samples were taken using sterile tools at a depth of 25 to 30 cm at regular intervals along the Punta Negra transect in October of 2002 and stored in sterile sealed polycarbonate tubes at 4°C (Table 1 ). In addition, a second sample was taken at 989 m in July 2004 for comparative population analysis. The sample depth was selected to target permanent populations rather than transient populations carried in blowing dust. Interplant regions were sampled when possible to avoid localized rhizosphere effects. Soil sample characteristics analyzed by the University of Arizona Water Quality Center Lab (Tucson, AZ) and viable bacterial counts are reported in Table 2 .
Soil bacterial community DNA extraction, amplification and analysis. Total genomic DNA was extracted from dry soil samples via direct lysis using the Fast DNA SPIN Kit for Soil (Qbiogene, Carlsbad, CA). Extraction blanks were processed in parallel throughout the full procedure as negative controls to evaluate potential DNA contamination from reagents. The V9 variable region of the 16S rRNA gene was PCRamplified from each extract using Bacteria primer 1070F (5'-ATG GCT GTC GTC AGC T-3') and universal primer 1392R (5'-ACG GGC GGT GTG TAC-3') with a 40 base pair GC clamp (13). Amplification conditions followed a slight modification of the protocol of Colores et al. (7). All bands from each profile were excised for PCR amplification and incubated overnight at 37°C in a DNA elution buffer (0.5 M NH 4 OAc, 1 mM EDTA, pH 8.0) (3). Amplified PCR products were compared to the original profiles by DGGE analysis (55-65% gradient) to confirm band purity and identity. Two to three DGGE/PCR cycles were performed to purify each band for sequence analysis. Duplicate bands were excised along the gradient line from replicate profiles of each sample and 100% identity was confirmed. Both forward and reverse sequences were generated using the 1070F and 1392R primers to confirm sequence accuracy (University of Arizona Research Lab's Genomic Analysis and Technology Core, Tucson, AZ). All unique sequences were identified using BLAST (1) and the RDP Sequence Match and Classifier (6) programs, then deposited in GenBank (Table 3) . Table 1 ). None of the soil properties reported in Table 2 explain these unexpected results. Houston and Hartley (17) The 400 m sample location is separated from the remaining sites of the Andean Vegetation group by the large expanse of absolute desert in the Central Valley. This sample location is the only elevation in the transect located below the crest of the Cordillera de la Costa escarpment. In some coastal regions such as Paposo (Fig. 1) , a semi-permanent fog zone develops where the coastal escarpment is massive (11).
Although this stratus layer dissipates in areas such as Antofagasta where the coastal topography levels off, the presence of Pacific moisture may be sufficient to affect microbial diversity in this region. Thus, minor differences in the frequency of soil moisture exposure, above and below the absolute desert, resulting from isolated rainfall events, runoff exposure, or Pacific moisture may explain the distinct separation of the bacterial community profiles into two different community structures. BLAST analysis indicated that the majority of the band sequences from both samples were most closely related to uncultured, unidentified bacterial clones (93 to 97%) ( Table 3 ). The one exception was band 8b2 from the 989 m sample that had 99% sequence identity to the Gammaproteobacteria, Acidithiobacillus thiooxidans and A.
ferrooxidans. Of the remaining bands, three common to both profiles were affiliated with Gemmatimonadetes and one with Planctomycetes (Fig. 3, Table 3 ). Although, only one cultured Gemmatimonadetes bacterium has been described in the literature, numerous clones have been identified from diverse soils of five different continents including the (Fig. 3) of the phylum Thermomicrobia (green non-sulfur bacteria).
As might be anticipated, the predominance of Gemmatimonadetes and Planctomycetes in the 987 m and 989 m samples is unique when compared to typical soil populations. In a recent analysis of 32 clone libraries from a variety of surface soils, Janssen (18) found that 92% of the bacterial clones belonged to nine dominant phyla:
Bacteriodetes (5%); Chloroflexi (3%); Planctomycetes (2%); Gemmatimonadetes (2%);
and Firmicutes (1.8%). In contrast, sandy subsurface soils sampled by Zhou et al. (39) in Virginia and Delaware at depths of 1.6 to 7.0 m revealed communities with much less diversity, but still dominated by Proteobacteria (90%) accompanied by Acidobacteria The results from this research provoke questions of interest for future study.
Although this study is far from exhaustive in identifying the diversity of bacteria present in the driest regions of the Atacama Desert, it is evident that microbes are capable of enduring extremes of aridity that prevent the growth of vascular plants. The unique phylogenetic distribution of the organisms identified in this study as compared to those of other arid soils would suggest that the hyper-arid environment does select for bacteria in specific divisions. With the knowledge gained here of the predominant organisms present in these extremely arid soils, efforts can now be made to isolate these organisms using recently identified techniques for culturing the recalcitrant members of phyla such as Gemmatimonadetes and Planctomycetes (9, 14, 19, 38) . 
